Diode-pumped ytterbium-doped fibre lasers, coupled with the chirped-pulse amplification (CPA) technique, are promising for realising compact ultrafast laser systems with variable repetition rates. However, energy scaling in such a system is nontrivial, as the accumulation of high-order material dispersion and nonlinear phase modulation degrade the pulse quality upon compression. In our previous work [I], we demonstrated the generation of high-fidelity femtosecond pulses with a repetition rate of 50MHz in a fibre CPA system through the use of an adaptive pulse pre-shaping technique that compensated for high-order dispersion in fibres with a total length of <12m and a B-integral of up to 1.61£ rad. In this paper, we show the versatility of adaptive pulse pre-shaping to generate a high-quality pulse train with a variable repetition rate and energy in a fibre CPA system consisting of a lkm fibre stretcher with a B-integral reaching 2.21£ rad.
Time (ps) Fig. 1 Retrieved pulse intensity profiles of the output pulse train before and after implementing the adaptive pulse shaping at two different repetition rates. Figure I shows FROG characterised pulse intensity profiles of the fibre CPA system before and after implementing the adaptive pulse pre-shaping. When the repetition rate of the pulse train was reduced to 5MHz, the energy per pulse was l.3~with a B-integral of O.4l£rad, indicating that the main contribution to the pulse degradation at the output was the accumulation of third-order dispersion from the fibre stretcher and grating compressor. As the repetition rate was further reduced to 500kHz, the pulse energy increased to 8~, and the Bintegral increased to 2.21£rad, implying a non-negligible contribution of accumulated nonlinear phase to the degradation of the pulse quality. In each case, the separation of the gratings pair in the compressor was optimised prior to implementing the adaptive pulse shaping. The adaptive shaping improved the pulse quality as can be seen in Fig. I , thereby increasing the peak power by a factor of 3.9 and 3.6 for the pulse trains with energy 1.3ã nd 8~, respectively.
In conclusion, we have demonstrated the adaptive pulse pre-shaping as a powerful technique to achieve highquality energy-scalable femtosecond pulses in a fibre-chirped pulse amplification system, without a major system reconfiguration.
